Biliary fistulation from a hepatic hydatid cyst is its most frequent complication. If unrecognised, this may cause difficulties during and after surgical intervention. Our study looked into its incidence and also the possible risk factors in a retrospective investigation of 60 patients (34 women) who had undergone surgery or percutaneous treatment. Demographics and anatomical characteristics, such as cyst type, location, number, diameter and laboratory findings were examined. A full 50% had biliary fistulation, with increased risk if the cyst diameter was !8.8 cm.
Incidence and risk factors of biliary fistulation from a hepatic hydatid cyst in clinically asymptomatic patients 1 Although vaccine trials continue for animals, HD prevalence is in the range of 5-10% in endemic countries and may obligate prolonged medical treatment and complex surgical procedures. 2 HD can occur in any organ, but the liver is the most commonly affected.
According to recent, but limited, guidelines, 1, 3, 4 hepatic hydatid disease (HHD) treatment depends on the viability of the cyst as assessed by ultrasonography (USG). 5 Patients should be treated even if they are clinically asymptomatic in order to prevent complications such as peritoneal rupture or biliary fistulation. The latter occurs in two types: a major communication between biliary ducts and the cyst in which the contents of the cyst empty into the biliary system, and an occult communication, defined as the presence of small tears between the cyst and biliary roots. In the latter, the cyst content does not empty into the biliary system, and thus the patient usually remains asymptomatic. 6 Biliary fistulation often results in substantial complications, extended length of hospital stay and increased costs. Numerous studies have attempted to identify risk factors, such as gender, presence or absence of jaundice, elevated laboratory findings, cyst type and cyst location. [6] [7] [8] [9] [10] [11] [12] [13] [14] Predictive models for the occurrence and treatment of biliary fistulation have been constructed. 15 However, there is a lack of consensus regarding its diagnosis in clinically asymptomatic patients. We aimed primarily to detect the incidence of biliary fistulation in clinically asymptomatic HHD patients, secondarily to identify possible risk factors.
Materials and methods
We reviewed records of 196 patients with HHD admitted to Baskent University Adana Hospital between January 2011 and August 2016. Seventy-four of 196 patients who underwent surgery or percutaneous treatment (PT) during this period were enrolled into the study. We designed exclusion criteria to eliminate obvious evidence of biliary fistulation preoperatively and to prevent misinterpretation of bile leaks which were detected perioperatively but may have been caused by different aetiology. Exclusion criteria were: paediatric age group (0-16 years); the presence of clinical jaundice; patients having recurrent cysts; history of prior liver or HHD surgery/interventions; exposure to radical treatment options (i.e. pericystectomy and hepatic resection); and evidence of hepatic abscess, simple cyst or mass.
In our centre, treatment is standardised according to World Health Organization guidelines. 3 Surgery and PT followed known principles. [16] [17] [18] A total of 14 surgeons operated on 43 patients and four interventional radiologists performed PT on 17 patients during the study period.
Cyst viability should be evaluated to take a decision for surgery or intervention. Cyst viability was assessed by ultrasound. 5 Cyst type and viability characteristics are explained in Table 1 . Types 1-4 cysts with fluid content are viable, and they should be treated by surgery or PT. Type 4 cysts without fluid content and type 5 cysts are not viable cysts and they do not need to be treated.
Biliary fistulation was confirmed during surgery by the presence of bile in the cyst or daughter vesicles in the cystic duct (if cholecystectomy is performed) or common bile duct (if choledochotomy is performed). Likewise, the detection of communications between the cyst and biliary tree by radiography during PT and bile drainage after surgery or PT were criteria for biliary fistulation.
We recorded patients' demographics, cyst type according to Gharbi's classification, maximum cyst diameter (as measured by ultrasound, computed tomography or magnetic resonance imaging), cyst location (according to liver segment), cyst number, cyst presence in other viscera or anatomic locations, confirmation of biliary fistulation and treatment given. Full blood counts and liver function test results were recorded.
IBM SPSS statistic software version 24.0 (IBM Corp., Armonk, NY, USA) was used for statistical analysis. The Kolmogorov-Smirnov test was applied to determine the distribution of normality. Normally distributed quantitative variables were expressed as the mean AE standard deviation (SD), quantitative variables without a normal distribution were expressed as median with interquartile range and categorical variables as frequency and percentage. Student's t-test was applied to normally distributed quantitative variables of independent groups. Mann-Whitney U-test was used for quantitative variables without normally distributed data of independent groups. The 2 test was applied to categorical variables. A logic regression model was 
Results
Fourteen patients were excluded from the study and the remaining 60 patients who had PT performed and surgery for HHD were analysed. Seventeen (28%) patients had PT and 43 (72%) patients had surgery. All variables and their relation with biliary fistulation were summarised in Tables 2-4 .
When the two groups were compared using univariate analyses, the significant factors associated with the presence of biliary fistulation were cyst diameter (P ¼ 0.007), gender (P ¼ 0.018) and cyst type (P ¼ 0.023). ROC analysis was applied to detect the optimal cutoff value of the cyst diameter related to biliary fistulation (Figure 1 ). The area under the ROC curve was 0.69 (P ¼ 0.011 and 0.55-0.82 with 95% confidence interval). We chose several cutoff points and calculated sensitivity, specificity, positive and negative predictive values, accuracy and likelihood ratio for each of them (Table 4 ). The cutoff point accepted was 8.8 cm, because at that point the optimal sensitivity, specificity, positive and negative predictive values, accuracy and likelihood ratio (60%, 70%, 66%, 63%, 65% and 2%, respectively) were found.
There was no relationship between biliary fistulation and any laboratory test or clinical variables. Nor could we demonstrate a relationship between cyst location, number, synchronous cyst presence in other viscera and biliary fistulation
Discussion
The incidence of biliary fistulation is reported as being in the range of 2-75% of patients with HHD. 6, [9] [10] [11] 14, 19 This wide range may be due to the heterogeneity of inclusion criteria. We attempted to determine biliary fistulation in asymptomatic patients. Therefore, the exclusion criteria in our study were wider than in previous studies. Since some of these investigators accepted biliary leakage after surgery, clinical jaundice or positive endoscopic retrograde cholangiography findings as evidence of pre-existing biliary fistulation, which thus could be underestimated.
Cyst diameter was detected as an independent risk factor for biliary fistulation. Intracystic pressure appears to rise as the cyst size increases. Some cysts can expand 1-30 mm annually, and during this expansion, intracystic pressure (22-59 mmHg) gradually increases and exceeds normal biliary tree pressure (11) (12) (13) (14) (15) . This leads to erosion of surrounding hepatocytes which then rupture into the biliary system. 3, 14 Many studies [9] [10] [11] [12] [13] [14] 19 have investigated the relationship between biliary fistulation and cyst size, suggesting diameters in the range of 7.5-14.5 cm. No consensus exists when the preoperative investigation is recommended. 6 We applied ROC analysis to assign a cutoff value after detecting significance in univariate analysis and then we transformed the cyst diameter variable from quantitative to a categorical for multivariate analysis using a cutoff value. Although the likelihood ratio was 2 for the chosen cutoff point (8.8 cm) , that point could be an acceptable value.
We could not demonstrate the cyst type according to Gharbi classification as a prognostic factor for biliary fistulation in multivariate analysis. However, Demircan et al.
14 found that type 3 and Atli et al. 10 found that the presence of a type 4 cyst is predictive for biliary fistulation.
Some authors 14, 19 claimed that cyst location, especially hilar or hepatic dome settlement, could be a risk factor for biliary fistulation. However, we evaluated cyst location different manners (according to segmental anatomy, lobar anatomy and location of centrally); we also could not demonstrate the cyst location as a prognostic factor for biliary fistulation.
Our study has some limitations: its retrospective nature, single centre analysis and small number of patients are primary constraints. We did not assess the length of stay, the amount of drainage (if available) and further investigations or follow-up of the patients. We also excluded patients without intervention. However, we aimed singularly to predict the occurrence of biliary fistulation in asymptomatic patients. To verify our results we deliberately included only those who had undergone some intervention in our study. We used the term 'biliary fistulation' for both the occult and frank connection between hydatid cyst and biliary tree, previous authors may have confounded these terms.
In conclusion, our study suggests the incidence of unsuspected biliary fistulation may be as high as 50%. In addition, cyst size larger than 8.8 cm increases such risk and thus preoperative assessment should be adapted accordingly.
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